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Abstract 
Objectives: Examining the relationship between workloads (miles ran) of collegiate cross-
country (XC) athletes (n=18) and symptoms of injury or illness over the course of 10 weeks. 
This can assist sport coaches, athletic performance coaches, and athletic trainers in keeping 
athletes healthy and furthering adaptation throughout the course of the season, thus improving 
the team’s overall success during the season.  
Purpose: The purpose of this study was to show a relationship between an Acute and chronic 
workload ratio (ACWR) in miles run and weight lifted, ACWR in miles run grouped by z-scores, 
weight, age, years of collegiate XC experience, miles ran during the previous summer, a four-
week rolling average of miles ran and injury or illness symptoms in collegiate XC runners. 
Methods: Descriptive data was collected during the initial survey. Weight was collected 
throughout the 10 weeks during the 2018 XC season at the University of Montana. Workload and 
illness and injury data were collected over the course of the season via the run2win team website 
and weekly surveys. Cumulative workloads (1-weekly, 2-weekly, 3-weekly, 4-weekly) in 
addition to the ACWR, acute workload (current weekly miles) divided by chronic workload 
(previous four-week average) were classified into discrete ranges by z-scores. A binary logistic 
analysis was used with these and other variables (Total in season miles, miles ran during the 
summer, a dichotomized 4-week average, and number of years of collegiate XC) were used to 
predict the likelihood of symptoms of injury or illness during the 2018 XC season.  
Results: The study began with 28 participants, 13 males and 15 females. 10 athletes were 
dropped from the study. There were 68 reported symptoms of injury or illness (48 injury, 25 
illness, 5 with both). A total of 57 days of training were missed, 47 days due to injury and 10 
days due to illness. A strong positive correlation (p<0.03) was found between injury symptoms 
and college experience. A strong negative correlation (p<0.03) was shown with the ACWR with 
miles ran. Chronic workload and total in-season miles (p<0.05) correlated positively with illness 
symptoms. The binary logistic regression model showed nearly a 10% improvement in 
prediction accuracy of injury symptoms compared to the null. The variables that had statistical 
significance (p < 0.05) for improving this prediction rate the miles ran during the week, and the 
grouping of the z-scores of the ACWR. There were no statistically significant outcomes for 
illness symptoms nor did the prediction model improve compared to the null.  
Conclusion: The use of an ACWR along with the other variables that were used based off of the 
external workload of miles ran improved the predictability of injury symptoms during the course 
of the 2018 XC season. This finding shows that collegiate XC coaching staffs should consider 
the miles ran during the week, the chronic workload of the athletes, and the number of years of 
collegiate XC experience of the athletes in addressing injury rates.  
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Chapter One: Introduction 
 
Stressing athletes with an external stimulus such as weight training, aerobic, or anaerobic 
conditioning to improve sports performance is what the field of athletic performance is based on. 
Using specific external stimuli to achieve a desired adaptation can lead to increased performance 
in competition, decreased injury rates, and increased individual and team success. However, not 
managing the stress that is placed on athletes can lead to a decrease in performance, injury, 
illness, or overtraining (1). Keeping athletes healthy for competition and improving athletic 
performance is imperative for team success (2,3). Managing workloads for individual athletes is 
important for performance coaches who monitor volume, intensity, duration, and frequency of 
training sessions in the weight room. It is also important for the sport coach to monitor these 
same characteristics of the team’s practice or training. Monitoring the volume, intensity, 
duration, and frequency of practices and gauging how each athlete is responding to practice is 
done much less frequently in sport practice than in athletic performance. Sport coaches typically 
use their personal experience to guide their practice plans for the season relying less on data and 
more on their instinct to implement the volume and intensity of the practices that athletes 
participate in. This is difficult in a team setting that has both male and females participating in 
practice at the same time. Prescribing one training protocol for a group of athletes who are 
different sexes, have different training ages, and biological ages, could cause overreaching and 
overtraining for one group of athletes, appropriate for another group or, it could have a 
detraining effect for others. Having a constant unmanageable stress in any sport can lead to 
overreaching, overtraining, injury or illness for an athlete. Not stimulating athletes enough with 
training loads can lead to detraining and a decrease in performance in competition.  
Cross-country (XC) running is a linear sport predominantly using the aerobic oxidative 
energy system. This requires athletes to train the aerobic system which requires a large training 
volume of miles run during the course of a week, along with a mix of lower volume higher 
intensity training of anaerobic and aerobic thresholds. Individually measuring the intensity of XC 
athletes is difficult because of the physiological differences that occur throughout years of 
training in the sport, genetic differences between athletes, and also physiological differences 
between females and males. Variance between athletes, workout types, and psychological 
conditions can play a role in the athlete’s individual internal workload that they experience 
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during a training session. Differences between athletes are rarely considered when implementing 
training for a team especially a team that has both male and female athletes. Not considering 
training age, biological age, sex, and performance level will affect the athletes’ ability to recover 
or adapt to the external stimulus that they receive from training. Monitoring athletes’ physical 
and psychological workload is vital to keeping athletes healthy and the team performing at their 
best.  
The acute and chronic workload ratio (ACWR) is a method in which past training and 
current training during the week are considered and used to create a ratio between the training 
loads that are experienced by the athletes (2-8). The acute workload is the external volume of the 
training session (distance or duration) added together for the current week. This equation 
describes the fatigue an athlete has experienced during the current week of training while the 
chronic workload, the average of the previous 4 weeks acute workloads, describes the fitness of 
an athlete.  
Previous week acute workload of: 60 miles 
Previous four-week average of acute workloads: 
(50 miles + 55 miles + 55miles + 60 miles) / 4weeks = Chronic workload of 55miles  
An acute workload of 60 miles / chronic workload of 55 miles = 1.1 ratio 
 
Referencing this ratio there is evidence to suggest that when an athlete experiences an acute 
workload that much greater than their chronic workload they are more likely to sustain an injury 
when compared to athletes whose ratio is closer to 1.0 (6,8). Athletes whose acute workload and 
chronic workload were both very high were also more susceptible to injury when compared to 
athletes who have a ratio closer to 1.0 (6). However, these same studies found that athletes with a 
very high chronic workload compared to athletes with a low chronic workload are more resistant 
to injury when their acute workload ratio is moderate-low through moderate-high (0.85-1.35) 
(6,8). These findings show that the ACWR is a more reliable predictor of injury occurrence than 
just external workload alone (2-8). 
Problem: 
In athletics not stressing athletes’ bodies enough to require adaptation and remodeling will not 
lead to adaptation or an increase in performance. However, placing too much stress on an 
athlete’s body can cause overreaching, overtraining, and injury or illness. This leaves athletic 
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performance practitioners (APP) and sports coaches with a balancing act to manage: attempting 
to prescribe the proper amount of stress for the desired adaptation for athletes, whose training 
ages can vary widely from freshman to seniors, periodizing the predicted stress that the athletes 
will encounter during the specific training sessions over the course of an athletic calendar year 
ensuring that each athlete will be properly stressed to achieve the desired adaptation during the 
year and, most importantly, keeping each athlete healthy so they are able perform in the sport or 
activity.  
 
Purpose: 
The purpose of this study was to show a relationship between an ACWR in miles run and weight 
lifted, ACWR in miles run grouped by z-scores, weight, age, years of collegiate XC experience, 
miles ran during the previous summer, a four-week rolling average of miles ran and injury or 
illness symptoms in collegiate XC runners. This can assist sport coaches and athletic 
performance coaches in keeping athletes healthy and furthering adaptation throughout the course 
of a season, thus improving the team’s overall success during the season.  
 
Null Hypothesis: 
• There is no relationship between an ACWR of an athlete based on miles ran or kilograms 
lifted in tier one on illness or injury symptoms 
• There is no relationship between an ACWR of an athlete based on miles ran and then 
grouped based on z-scores on illness or injury symptoms 
• There is no relationship between the weight of an athlete on illness or injury symptoms  
• There is no relationship between the age of an athlete on illness or injury symptoms  
• There is no relationship between the years of collegiate XC experience of an athlete on 
illness or injury symptoms  
• There is no relationship between a four-week rolling average of miles ran by an athlete 
on illness or injury symptoms  
• There is no relationship between a dichotomized high and low chronic workload based on 
the median miles ran on illness or injury symptoms 
• There is no relationship between total miles ran during the season on illness or injury 
symptoms 
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• There is no relationship between total summer (preseason) miles ran on illness or injury 
symptoms 
 
Significance of Study 
The findings of this research will further the development of the ACWR’s use in athletics. This 
is also the first study using the ACWR in college athletics. This research added to the gaps in the 
literature of the ACWR and its relationship to injuries, specifically in a long-distance aerobic 
sport, and in a new subject population. If the ACWR can help predict injury based on external 
workloads of athletes, the ratio could help improve team performance by keeping athletes 
healthy during the season. 
 
Limitations 
• Subjects were not recruited by random sample 
• No control group was included 
• Human error during survey participation whether that be forgetting to participate in the 
survey no more than 30 minutes but no less than 5 minutes after a training session, or 
misusing the survey 
• Data is self-reported 
 
Delimitations 
• All subjects were a part of the University of Montana XC team 
• Subjects participated in the survey with their own cellphones so no peer influence was 
involved 
• Subjects identified themselves using specified ID numbers not their name 
• Subjects were trained on how to use and submit each survey and were reminded post 
training and they were reminded if they forget to participate 
 
Definition of Injury  
Injury symptoms were self-reported by the athletes in their weekly surveys. If the athlete missed 
a day of training due to an injury then they were prompted to respond with how many days were 
missed due to that injury (0-7) and to provide a brief description of the injury and how it 
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occurred. This allowed for the researcher to determine if it was an acute or chronic injury. Injury 
types were determined based on this description as either acute or chronic injuries. If the injury 
caused days to be missed a question was prompted to the athlete asking if they were diagnosed 
by a medical professional.  
 
Definition of an Illness Symptom 
Illness symptoms were self-reported by the athletes in their weekly surveys. If the athlete missed 
a day of training due to an illness then they were prompted to respond with how many days were 
missed due to that illness (0-7) and to provide a brief description of the illness. This allowed for 
the researcher to determine if the illness was upper respiratory infection, the flu, or other 
illnesses. If the illness caused days to be missed a question was prompted to the athlete to ask if 
they were diagnosed by a medical professional.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 
6 
Chapter Two: Literature Review 
 
Monitoring Training Loads 
 The goal of training, both on the field and in the weight room, is to improve athletic 
performance (17). The ability to monitor training loads of athletes is essential to providing the 
proper stimulus for each athlete (14,15). Athletes in the weight room use specified external loads 
during movement patterns with specified sets and repetitions to provide an external stimulus to 
drive adaptation. Simply put, total weight lifted during a training session in the weight room is 
how athletes are monitored when strength training. (17). Along with total weight lifted during a 
periodized program there are specific phases that athletes will go through that emphasize 
different aspects of sports performance (strength, power, endurance, etc.). These different 
training methods play a role in the effort that is required and perceived from an athlete when 
training in the weight room. A light amount of weight and performing higher repetitions is 
perceived as easier when compared to moving heavy weight for a lower amount of repetitions 
(18).  
Monitoring on field practice/training is essential when looking at the external loads that 
athletes are experiencing as well. In XC this is typically done with distance traveled during 
training either in meters or miles. Monitoring this type of training is critical to drive adaptation 
that is required for improving XC performance and eliciting the proper training response during a 
specific part of the season.  
 
External Training loads and the relationship to injury 
External training stimuli such as strength training and conditioning improve performance 
in sport. However, increasing intensity, volume, and duration of external training stimulus also 
correlates with injury (2,3). Depending on the sport the type of demands placed on an athlete 
vary drastically and so can the injuries that athletes experience. In professional soccer Malone et 
al. (9) studied 48 athletes who performed intermittent aerobic conditioning tests to compare the 
aerobic capacity of athletes and the relationship to injury. They compared the injury data using 
an ACWR with an RPE duration equation along with the absolute load that the athletes 
experienced during practices. They found that athletes who have a higher intermittent aerobic 
capacity had a lower risk of being injured in comparison to athletes who have a lower 
intermittent aerobic capacity when accounting for the ACWR. It was also found that the more 
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aerobically fit the athlete the better the athlete tolerates large fluctuations in workloads. Similar 
results were found in 53 sub elite rugby athletes over the course of 4 years. Gabbett and Domrow 
(20) found that rugby athletes with a lower aerobic capacity <42.8 mL/kg/min were at an 
increased risk of sustaining an injury in comparison to athletes with a 47.7 mL/kg/min or more. 
Vleck et al. (13) looked at 12 male Olympic and 19 Ironman distance triathlon athletes 
who were considered to be at an elite level. Traumatic injury was sustained by 43.1% of the 
participants and overuse injuries were sustained by 72.2% of the participants. When compared to 
the other two activities involved in triathlons training injuries occurred mostly due to run 
training. Running overuse injuries correlated with the amount of time spent running. In an elite 
subject group of Olympic distance of triathletes most injuries to athletes occurred in the lower 
back followed by Achilles tendon, and then knees. While it has been shown that aerobic fitness is 
an indicator of injury resiliency (5,20) external training load as shown by this elite group of 
triathlon athletes show that even the highest level of aerobic fitness will not protect athletes from 
injury.  
The relationship between aerobic fitness and resiliency to injury is something that is an 
issue for athletic performance practitioners and sport coaches (2-5). Having athletes who are 
aerobically fit is beneficial for team success. However, in order to get athletes to become more 
aerobically fit a higher training volume is placed on athletes, which results in more injuries. This 
paradox is one of the reasons why training loads must be monitored in order to keep athletes 
healthy throughout a competitive season which leads to team success.  
 
Acute and chronic workload ratio (ACWR) 
The ACWR describes the acute workload of an athlete as the athlete’s response to each of 
the external workloads during the past week of training, while the chronic workload is the 
summation of acute workloads for the previous 4 weeks (4). This workload ratio provides a look 
at what Bannister et al. (16) describes as the fitness and fatigue of training. The acute workload 
is the fatigue that the athlete has yet to fully recover from and chronic workload is considered the 
fitness because the athlete has had the time to recover and adapt to the workloads  
Hulin et al. (8) performed a study monitoring workloads of cricket fast bowlers using the 
ACWR. They followed the 28 fast bowlers who played for New South Wales or Victorian 
cricket squads from 2006-2012. They collected external workload data as balls bowled per week 
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and monitored their internal workload using an RPE survey and multiplying it by the session 
duration. They found that fast bowlers with an ACWR greater than 2.0 had an increased injury 
risk of 4.5 in the week following the workload spike when compared to ratios <1.0. They also 
found that fast bowlers whose ratio was between 1.50-1.99 had an increased injury risk of 2.2 in 
the week following the workload spike when compared to a ratio between 0.50-0.99. Dennis et 
al. (7) found that bowlers with less than two days and 5 days or more were at a 2.4 and 1.8 
relative injury risk respectfully. This finding illustrates that bowlers who have a low chronic 
workload and a low acute workload, bowlers with 5 days or more between throwing, have an 
increased risk of injury. Along with bowlers at the opposite end of the spectrum who bowl more 
deliveries per week and had less recovery between sessions (7-8). These findings show that 
cricket fast bowlers who do not get the optimal amount of stress and rest during a week are at an 
increased risk of injury.  
In another study performed by Hulin et al. (4) Researchers followed 53 professional 
rugby athletes and monitored the workloads over the course of two rugby seasons. They found 
that athletes who had a very high acute chronic workload ratio (>2.11) were 6.9 times more 
likely to sustain an injury than athletes with a very low ratio (<0.30), 3.4 times greater than 
athletes with a low ratio (0.31-0.66) 2.3 times greater at a moderate ratio (1.03-1.38), and 2 times 
more likely than a high ratio (1.75-2.11). They also found that in the subsequent week of a very 
high ACWR there was a tenfold increase in injury risk when compared to a very low ratio. This 
illustrates the variability of internal training loads that occur over the course of an athletic 
season. Athletes whose acute workload is very high compared to their chronic workload are 
more likely to sustain an injury.  
Gabbett describes the ACWR as giving coaches an ‘optimal’ training zone for athletes 
that helps limit predisposition for injury. A ratio between 0.8-1.3 is considered the “sweet spot” 
for ACWR to minimize injury (3). When acute training loads spike or are constantly very high, 
in comparison to chronic workloads, athletes are more likely to become injured (4-8). Ensuring 
that athletes are properly stressed during the course of a competitive season ensures that athletes 
continue to improve athletic performance especially in sports that require 1 or 2 peaks in 
performance. In sport seasons that are long and where athletes compete multiple times per week 
keeping track of athlete internal workloads is important to keeping athletes healthy and able to 
perform on the field. Keeping athletes fit in every sport requires optimally stressing athletes to 
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elicit adaptation while also monitoring and adjusting training loads to ensure that they are 
healthy and able to compete.  
Bowen et al. (21) completed a 3-year study with professional football players in the 
English Premier League. They used GPS data to look at the workloads of the athletes and broke 
down the workloads to separate categories: total distance covered, low intensity distance 
covered, high intensity distance covered, sprint distance covered, number of accelerations, and 
number of decelerations. They found that the combination of low chronic workloads of 
accelerations, decelerations and low intensity distance covered and very high ACWRs elicited 
the greatest injury risk to athletes. They also found that very high ACWR across all of the 
measures with any chronic workloads increased the likelihood of injury. The researchers found 
that “rapid increases in loads is more indicative of injury than the cumulative amount of load 
performed”. Spikes in external workloads were associated with injury increases during the 
season. Low chronic workloads, and the subsequent increase in ACWR based on the current 
week workloads, were the greatest cause of non-contact injuries.  
Together the literature has illustrated how the ACWR can be an effective tool for 
monitoring training loads of athletes in different sports and how it can show fluctuations in 
training loads that can lead to injury of athletes. The literature also demonstrates how increasing 
fitness can also improve injury resiliency in athletes. However, a paradox does occur with these 
two competing ideas. Improving physical capacity by increasing training load can cause injury if 
not done with proper periodization. Finding the proper balance between improving capacity and 
limiting injury is where the ACWR can be a helpful tool. The literature to date has looked at a 
number of sports and athlete levels. The literature has not used the ACWR to monitor XC 
training levels, nor has the ACWR been used in a collegiate student athlete population. 
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Chapter Three: Methodology 
 
Subjects 
There were 28 participants: 13 males and 15 females from the University of Montana’s XC team. 
The experiment took place during the 2018 XC season from September- November. All 
participants signed an informed consent approved by the University of Montana Institutional 
Review Board and received a clear explanation of the procedures.   
 
Measurements 
Descriptive Data collected 
Age and years of collegiate XC experience were collected during the initial survey (Appendix B) 
and from the University of Montana XC roster. Weekly weigh-ins were done during the season 
for the athletes and collected by the researcher.  
 
Quantifying External Workloads 
XC athletes provided the absolute distance for individual training sessions. Summer training 
loads were also collected from the team’s training log website run2win. In the weight room the 
athletes have guidance for the goal of each training session, the training weight was self-selected, 
their volume was be calculated from the self-selected training weight and the coach selected sets 
and repetitions done during the session the resistance training equation: Sets x Reps x weight 
lifted for each set number = Total weight lifted.  
 
Data Collection Process 
The external loads of running miles were self-reported by the athletes via the daily survey and 
also the run2win app. These miles were then added together to obtain the acute workload (1-
week of miles ran) of the athlete and the previous four weeks were then calculated to get the 
chronic workloads. Kilograms lifted were obtained from self-reported data from the athletes 
training cards. These were then calculated based off of the numbers on the tier one portion of 
their training cards (Appendix O). The same calculations were made with kilograms lifted for the 
acute workload (1-week of kg lifted) and the previous four weeks to get the chronic workload. 
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Injury/Illness 
Injury or illnesses were self-reported by the athletes during the weekly surveys. The athletes 
were prompted based on their responses to answer questions about the week of training. These 
are illustrated in Appendix C.  
 
Data Analysis 
Researchers used a binary logistic linear regression model with injury or no injury as one 
dependent variable and illness or no illness being the other dependent variable. Acute workloads, 
chronic workloads, ACWRs, four-week rolling averages, total miles run during the 2018 season, 
total miles run in the summer months prior to the 2018 season, and the college experience of the 
participants were used as independent variables. Researchers looked at the significance of the 
variables as predictors of injury or illness symptoms. A repeated measure analysis of variance 
(ANOVA) was run on athletes who had complete data sets for body weight. Descriptive Data 
was also taken on the athlete’s workloads miles ran, Kg lifted, age, years of college XC 
experience, weight, and summer miles ran. Bivariate correlations were conducted for each of the 
variables along with the number of days missed due to injury or illness.  
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Chapter Four: Results 
 
The study began with 28 participants (13 male and 15 females). Over the course of the 10 
week in-season study 10 athletes were unable to fulfill the requirements and their data was left 
out of the analysis (1 male and 9 females). Subject characteristics can be found in Table 1. There 
was a total of 48 reported symptoms of injury, and 25 reported symptoms of illness for both male 
and female participants. The majority of these symptoms did not lead to days missed of training 
Table 2, Fig 1. Over the course of the study there were 57 days of training missed, 47 days due 
to injury and 10 days due to illness Table 3, Fig 2. The majority of the reported symptoms 
occurred over the course of the first 7 weeks of the season Table 2, Fig 1. The symptoms and 
days missed due to injury and illness are also broken down via sex Table 4. The location of the 
symptom(s) and injury indicator (acute, chronic, or previous injury site) along the number of 
days missed is presented in Table 5. The symptoms of illness and the number of days missed are 
presented in Table 6. Over the course of the season the 18 participants ran over 6,058 miles. The 
rate of injury symptoms was broken down into a ratio of 0.99 injury symptoms per 125 miles ran 
during the season while illness symptoms rate was a ratio of 0.515 per 125 miles. The total 
number of miles and average weekly miles ran by the participants for the summer, and during the 
season are broken down by sex and presented in figures 3-10. The kilograms lifted during the 
week are presented in Figure 11. A repeated measures ANOVA was run on 9 male athletes’ 
body weights for weeks 1-6 and week 8. This showed no statistically significant change (p<0.13) 
on body weights for these athletes. Due to missing values and there enough statistical power to 
run this on all the participants. The average weekly body weights for all athletes is shown in Fig 
12. 
Looking at the bivariate correlations for injury symptoms there was a strong positive 
correlation (p<0.021) for college experience. This suggests that the more years an XC athlete has 
participated at the collegiate level the more likely they were to have symptoms of injuries during 
the course of the season. There was a strong negative correlation for the acute and chronic 
workload ratio with injury symptoms (p<0.021). This suggests that the higher the ACWR the 
less likely a XC athlete is to be injured. There were near significant negative correlations 
(p<0.10) for the four-week rolling average and the total miles in-season. This would suggest that 
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the more miles you run over the course of the previous four weeks the less likely an athlete is to 
experience injury symptoms (Appendix N).  
The bivariate correlations for illness symptoms showed a strong positive correlation with 
the chronic workload and the total miles ran in season (p<0.04) This suggests that the higher the 
chronic workload and the more miles ran during the season the more likely a participant was to 
have symptoms of illness during the season. Near significant positive correlations (p<0.10) were 
also shown with the four-week rolling average. This suggests that as the previous weekly miles 
increase so does the likelihood of illness symptoms (Appendix N).  
Using a binary logistic regression model the null predictive value of injury symptoms 
was 73.9%. This null predictive value considers no independent variables and predicts that no 
injuries will occur to the participants. Using the eight independent variables: Weekly miles run, 
the four-week rolling average, total in-season miles, total miles run during summer, the acute and 
chronic workload ratio of miles ran (4 week average/ current weekly miles), college experience 
(1-5), a dichotomized chronic workload (4 week average dichotomized by the median score), and 
the group classifications of the z-scores of the acute and chronic workload ratio (Appendix E-J) 
were added to the linear regression model and found that the X2 43.12, p<0.05. The model as a 
whole can be explained by the Cox and Snell r2 value of 0.268 which shows that 26.8% of the 
variance within the model can be explained by these variables. The model correctly predicted 
injury symptoms or no injury symptoms at 83.3% compared to the null prediction of 73.9% 
(Table 8 and 9). The variables in the equation that had significance (p<0.05) were the miles run 
over the course of the week and the grouping of the acute and chronic workload ratios based off 
of the z-score classification. The odds ratio of the miles run during the week variable was 1.15, 
meaning that for every additional mile an athlete runs during the week they are 1.15 or 15% 
more likely to have symptoms of injury (Table 10). The variables that were near significance 
(p<0.10) was college experience and the acute and chronic workload ratio. The odds ratio for the 
Acute and Chronic workload in miles run had a negative value meaning that for every mile 
increase of the acute and chronic workload there was a 0.023 or 2.3% decrease in injury 
symptom prevalence Table 10. Other variables listed did not yield significance when they were 
taken out of the analysis the predictability of the model decreased in accuracy which is why they 
were included in the predictive analysis. Appendix K-M.  
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Using this same eight variables Weekly miles run, the four-week rolling average, total in-
season miles, total miles run during summer, the acute and chronic workload ratio of miles ran (4 
week average/ current weekly miles), college experience (1-5), a dichotomized chronic workload 
(4 week average dichotomized by the median score), and the group classifications of the z-scores 
of the acute and chronic workload ratio to look at the predictability of symptoms of illness during 
the season the same model showed no change in predictability when looking at the null 
predictive value Table 11 and 12. Also, none of the variables showed any significance in the 
predictive value when looking at symptoms of illness. Table 12. 
 
 
 
 
 
  
Female Weight lbs. 
N=6 
Male Weight lbs. 
N=12 
Age years N=18 
College 
Experience years 
N=18 
Mean 131.6 149.6 19.6 2.5 
Standard Dev 17.3 16.4 1.2 1.3 
Range 97.1-157.1 121.4-188.4 18-22 1-5 
 
 
 
 
 
 
  
Injury Symptoms Illness Symptoms 
Symptoms of 
Both 
Week1 7 2 1 
Week2 6 1 1 
Week3 8 6 2 
Week4 5 5 0 
Week5 6 4 0 
Week6 3 3 0 
Week7 6 2 0 
Week8 3 1 0 
Week9 3 1 1 
Week10 1 0 0 
Total 48 25 5 
 
Table 1: Descriptive data from participants 
 
Table 2: Injury and illness symptoms over the course of the weeks. 
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Location Symptom Rate Days Missed 
Lower Limb 27 13 
Upper Limb 1 0 
Foot 13 33 
Ankle 3 1 
Back 3 0 
Knee 1 0 
      
Type Symptom Rate Days Missed 
Upper 
Respiratory 22 10 
Allergies 3 0 
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Table 3.0 and 3.1: Injury location symptom rate and number of days missed from injury. Illness 
symptom rate and number of days missed due to illness.  
 
Figure 1: Illness and injury symptoms broken down by 
week 
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Table 4: Injury and illness rates, number of days missed, and participants who had both an injury and 
illness symptoms over the course of a week. 
Figure 2: Location and symptom rate of injuries and number of days missed 
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Chronic Injury 
Location 
Number of 
Symptoms 
Reported 
Days Missed 
Lower Limb 27 13 
Upper Limb 1 0 
Foot 13 33 
Ankle (Achilles) 3 1 
Back 3 0 
Knee 1 0 
Acute Injury 
Location 
Number of 
Symptoms 
Reported 
Days Missed 
Ankle 2 1 
Previous Injury 
Site Location 
Number of 
Symptoms 
Reported 
Days Missed 
Lower Limb 9 4 
 
 
 
 
 
Illness Description 
Number of 
Symptoms 
Reported 
Days Missed 
Upper Respiratory 22 10 
Allergies 3 0 
 
 
 
 
 
 
 
 
 
 
 
Table 5: Chronic injury location, acute injury location, and previous injury site location  
Table 6: Illness symptoms and days missed due to illness 
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Figure 3: 
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Table 7: Predicted Injury symptoms with the 8 variables 
Figure 11: Tier one workloads of Male and Female athletes in kilograms lifted. Data is 
represented by the mean values for each sex plus or minus standard deviation.  
 
Weekly miles run, the four-week rolling average, total in-season miles, total miles 
run during summer, the acute and chronic workload ratio of miles ran (4-week 
average/ current weekly miles), college experience (1-5), a dichotomized chronic 
workload (4-week average dichotomized by the median score), and the group 
classifications of the z-scores of the acute and chronic workload ratio. 
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Table 8: Null predicted injury symptoms 
 
Table 9: Injury symptom variables used in linear regression with P-values, 
(Sig.) and odds ratios, (ExpB) 
( 
Table 10: Null predicted illness symptoms 
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Table 11: Predicted illness symptoms using 8 variables 
Weekly miles run, the four-week rolling average, total in-season miles, total 
miles run during summer, the acute and chronic workload ratio of miles ran 
(4-week average/ current weekly miles), college experience (1-5), a 
dichotomized chronic workload (4-week average dichotomized by the median 
score), and the group classifications of the z-scores of the acute and chronic 
workload ratio. 
Table 12: Illness symptom variables used in linear regression with P-values, (Sig.) 
and odds ratios, (ExpB) 
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Figure 12: Weekly weight averages for males and female athletes.  
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Chapter Five: Discussion 
The main objective of this analysis was to determine whether or not an ACWR measure 
was able to accurately predict the likelihood of injury or illness in collegiate XC athletes. 
Assumptions were necessary in this analysis. First, the miles ran before and during the season 
were accurately self-reported. Second, the self-reported surveys for injury and illness presences 
were completed in a timely manner and were completed truthfully by each participant.  
Major findings 
 One of the major findings of this study was demonstrating a 9.4% increase in prediction 
accuracy based on the variables (Weekly miles run, the four-week rolling average, total in-
season miles, total miles run during summer, the acute and chronic workload ratio of miles ran, 
college experience, a dichotomized chronic workload, and the group classifications of the z-
scores of the acute and chronic workload ratio) that were used in the binary linear regression.  
These variables accounted for 26.8% of the variance within the population. The statistically 
significant variables were miles ran during the week and the grouping of the acute and chronic 
workloads via z-scores. These variables significantly increased the accuracy of the model 
(p<0.05). Other variables that were near significance (p<0.10) included college experience and 
ACWR miles improved accuracy of the model when compared to the null. While other variables 
did not have statistical significance or near significance, they added to the improved accuracy of 
the model (Appendix I-k). Another finding of the study was that there was no accuracy 
improvement when using the same variables in the prediction model of illness for the 
participants. No variables displayed any significance for enhancing the predictability of illness 
symptoms for the athletes.  
 This study is unique when compared to the literature because of the population of the 
participants. A collegiate student athlete is under drastically different pressures when compared 
to professional athletes (21) and all previous ACWR research has been performed in the 
professional setting. Research from Mann et al. (22) presented evidence on injury rates of 
collegiate football players during differing periods of academic stress. They demonstrated that 
during periods of high academic stress (HAS) student athletes were nearly twice as likely to 
become injured when compared to periods of low academic stress (LAS). While this study did 
not look at periods of academic stress, certainly academic and other life stressors that college 
athletes are under play a major role in injury and illness symptoms. These data do have similar 
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conclusions from the body of literature on the ACWR. This includes things such as, increasing 
weekly workloads increases injury prevalence in athletes (4-8,21). The data presented illustrates 
this with an increase in injury symptom rate when looking at weekly miles ran. This data also 
helps illustrate the paradox of training that Gabbett (2,3) has described. Having a high chronic 
workload can create injury resiliency. Our data is consistent with this by showing that high 
chronic workloads have a decreased rate of injury symptoms. However, this chronic workload 
data was not statistically significant (p<0.05) but was near significance (p<0.10). The 
fluctuations of ACWR’s that lead to increased injury rates in the literature are not present in this 
data. This is likely due to the fact that the highest volume of miles ran was during the summer 
months not during the in-season training. To go along with the lack of large ACWR fluctuations 
this study only analyzed external loads. If internal workloads were monitored for each individual 
training session it could show more ACWR fluctuations. This is also the first research that has 
been done with collegiate XC athletes using an ACWR.  
 An additional finding for in this research was that there was no statistical change in body 
weight for 9 male athletes (p<0.13) over the course of 7 weeks. This demonstrates that the 9 
males who were analyzed were able to maintain energy balance during the course of the 7 weeks. 
This finding is important because of the high energy demands of XC could have caused a 
negative energy balance in these athletes which would have caused these athletes to lose body 
weight. While not every athlete was analyzed via the repeated measures ANOVA, looking at the 
trend in Figure 12 it does add to the findings from the repeated measures ANOVA. 
 Using these findings XC coaches should key on specific factors that can result in injury 
symptoms. The number of miles ran during the week and the college experience being two that 
should specifically be accounted for over the course of training during the season. Coaches 
should be aware of the workloads that their athletes are being subjected to during the week of 
training and they should also be aware of the level of fitness that each athlete is currently at. 
These two factors were the significant variables that helped improve prediction of injury 
symptoms. While not statistically significant the number of miles ran in the previous weeks and 
summer months should also be considered by coaches because of the improved prediction 
accuracy within the model. While kilograms lifted throughout the week were not a statistically 
significant measure and did not improve the accuracy of the model, they too should be 
considered by the athletic performance coaches who are programming and training the athletes. 
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Implications of findings 
 These findings do suggest that looking at strictly external workloads and also the 
collegiate experience of XC athletes can help in the prediction of injury symptoms over the 
course of a season Table 7. These data suggest that as experience levels in collegiate XC increase 
there is also an increase in injury symptom likelihood. (As will be stated in the limitations 
section the lack of injury history questionnaire makes it impossible to say for certain if 
experience or injury history was a main cause of this result). It also suggests that as the number 
of miles ran over the course of the week increases the more likely an athlete is to have symptoms 
of injury during that same week. Paradoxically the data does demonstrate athletes with a higher 
chronic workload demonstrated a decreased rate of injury symptoms during the week Table 9. 
This adds to the body of literature that demonstrates that athletes who have a higher work 
capacity, have an increase in injury resiliency compared to athletes who are not as physically fit 
or who have a high chronic workload. (2-4,5,6,16,21). Malone et al. (9) demonstrated this by 
showing that professional soccer players who were more physically fit were better able to 
withstand fluctuations in their training loads while athletes who were less fit were more 
susceptible to injury. Gabbett and Domrow (20) demonstrated this with the analysis of rugby 
athletes showing that athletes who trained for >18 weeks before sustaining an injury were at a 
reduced risk of sustaining a subsequent injury. In the same study they found that athletes who 
had a VO2 Max less than 42.8 were at a higher risk of injury compared to athletes who have a 
VO2 Max of greater than 47.7.  
One of the key factors that has been looked at during research of the ACWR is when an 
athlete’s acute workload is 1.3 times greater than the chronic workload (2-4) they are more likely 
to see an increase in injury likelihood in the following weeks of having a >1.3 ACWR. The ratio 
illustrates two things: the fitness and fatigue of athletes, the more drastic the fluctuation (up or 
down) the more likely athletes are to be injured during the next weeks. This has been shown in 
rugby, soccer, and cricket. Over the course of the study this outcome (ACWR >1.3) only 
occurred 5 times. An ACWR >1.2 only occurred 9 times and only one athlete had an ACWR 
>1.2 twice. This result could be because the length of the XC season is short in comparison to 
other sport seasons. But it could also be because the majority of the miles the athletes ran was 
during the summer months compared to in-season training volumes (Fig 3-10). Because this is 
the first time that an ACWR has been used in a XC setting more research is needed to understand 
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if an ACWR is effective at predicting injury as it has been shown in other sports. (4-8). XC is 
drastically different than other sports that the ACWR has been used and shown effective. The use 
of an internal load monitor, based on the data collected from this research, could add more clarity 
to the effectiveness of the ACWR that this research cannot attest to.  
Limitations 
 As with any original research and longitudinal study there were several limitations. One 
was the scheduling and attendance of training sessions for the athletes and also their inability to 
consistently self-report data which required 10 athletes to be dropped from the study. One of the 
major limitations of the study neglecting to note the injury history of the athletes who were 
participating in the study. (This is spoken to in the implication portion made determining if 
college experience was an important factor or if injury history was the cause of the increase in 
injury symptoms.) With any self-reported data there is always a chance of reporting error coming 
from the participants. This was a limitation that was expected and could not be accounted for. A 
different limitation was the schedule of a collegiate athlete compared to that of a professional 
athlete. Research is done with professional athletes in longitudinal studies because it is the 
athlete’s job to train and be at the facility at the designated times. Collegiate student athletes are 
students first which requires school to take precedence over athletic scheduling. An additional 
limitation of the research was the inability to calculate the internal load of each athlete. This was 
an aim of the study in the beginning however, it was clear that getting the athletes into the habit 
of reporting their data within the time period was challenging because of practice schedules 
changing around the athlete’s academic schedules. This made it difficult for athletes to input 
their data within an acceptable time frame that would result in useable internal workload data. 
While this is a limitation, the use of internal workloads has been absent in previous studies of 
professional soccer players. These researchers opted for the use of only external loads in their 
data collection. It should be noted that the external workloads were much more in-depth than the 
external loads of this study. The timeframe of the research study is also a limitation because of 
the short time period of data collection. Correlations and the number of symptoms for both 
illness and injury could have been different if the research was continued for the entirety of the 
2018-2019 season.  
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Future research 
 Future research on XC athletes is critical for keeping the athlete population healthy and 
performing at their best. Based on the current findings it is critical to have accurate workloads 
for every athlete and the team as a whole, and ensuring that each athlete’s college experience is 
accounted for. The most important consideration would be adding an injury history to the future 
research which would create a better understanding on college experiences effect on injury 
symptoms. Next, having a method to measure internal load (heart rate, RPE, etc.) of the athletes 
would add a deeper level of understanding on the effectiveness of an ACWR in this athlete 
population. Because of the linear and repetitive nature of XC, and long distance running in 
general, having more than just miles ran during the week could be critical in improving this 
model. Looking at periods of high academic stress for each athlete would also be an excellent 
addition to collegiate XC research and how academic stress and athletic stress impact the college 
XC runners. As noted earlier ten participants dropped from this study. Future research should 
consider athletes who are unable to fulfill the requirements for a study understand why they were 
unable to complete the requirements. They should note when the athletes were starting to fall 
behind on the research study requirements and note why these athletes are no fulfill the 
requirements. This would help provide an understanding on how challenging the balance 
between the academics and sport practice is for college athletes.  
Practical Application 
The practical application of these findings is beneficial for XC coaches, strength and 
conditioning specialists, and athletic trainers. These findings suggest that there is a relationship 
between symptoms of injury and workloads performed within collegiate XC runners. Weekly 
miles demonstrated a significant increase factor in symptoms of injury. The grouping of the z-
scores of an ACWR resulted in significant improvements in the prediction accuracy of the binary 
logistic regression. ACWR’s >1.3 is what is suggested as a point in which injuries increase (2,3). 
This is due to the acute workloads (fatigue) being greater than the chronic workloads (fitness) of 
the athletes. The data obtained from this cohort in the 2018 XC season had only 5 ACWR’s that 
were >1.3. Because of the lack of high and very high ACWR’s we cannot say there is any major 
relationship between these ACWR’s and reported injury symptoms. ACWR Miles ran however 
does lend credence to the notion that athletes who are at a higher physical capacity (able to run 
more miles during the week) are less likely to be injured over the course of the season.  
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Another important finding, although it did not reach statistical significance, is that as an 
athlete gets more years of experience in college level XC the data suggests that reported 
symptoms of injury increase. It may be that the lack of injury history is a major limiting factor 
than strictly college experience (23). If this speculation is correct it would emphasize the need 
for athletes to remain as healthy as possible throughout their collegiate XC career in order to 
perform at their highest level and not be derailed by injuries.  
Furthermore, it should be noted that the highest training volumes of the XC athletes 
occurred during the summer months which are under little or no supervision of the coaching 
staff. This could be an issue because of the need for proper prescription of in-season training 
volumes based on the miles ran during the summer. If summer training volumes are not 
accurately monitored or recorded the prescribed in-season training volumes could lead to injuries 
or detraining of athletes. Summer volumes, while not having significance in the regression 
analysis, should play a major role in the training prescription for the athletes when they return to 
campus for the preseason.  
The variability of attendance in the weight room is evident from Figure 11. Because of 
the unpredictability of the attendance it was not possible to determine if strength training played 
an injury symptom prevention role or if it caused symptoms of injury. This should be noted 
because no study in the literature has looked at the role of strength training in regards to the 
ACWR. A prudent recommendation would be that collegiate athletes try to maintain a consistent 
strength training routine. It is clear that the weight room was something that was not a part of the 
routine of the 2018 UM XC season.  
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 Appendix A 
SUBJECT INFORMATION AND INFORMED CONSENT 
 
Study Title: The Relationship between Training Load and Injury or Illness Using the Acute and 
Chronic Workload Ratio in Collegiate Cross-Country Runners 
 
Investigator(s):  
Brennan Mickelson, 1745 S 3rd St W Apt 101, Missoula MT 59801. 253-686-0881 
Dr. Charles Dumke, 203 McGill, 32 Campus Dr, Missoula, MT 59812. 406-243-6176 
 
Purpose: 
The purpose of this study is to show a relationship between the acute and chronic workload ratio 
and injury or illness occurrence in collegiate cross-country runners. This would assist coaches 
and athletic performance coaches in keeping future athletes healthy and furthering adaptation 
throughout the course of a season, thus improving the team’s overall success during the season.  
 
Procedures: 
If you agree to take part in this study you will be asked to fill out an initial survey (~30 
seconds), a weekly survey that will look injury and illness information and time missed during 
the training week (~1 minute), and a daily survey that will be taken post training on days that 
you train for the sport of XC (~20 seconds). These surveys will be located on your smart phone 
or will be emailed to you on a weekly basis. You will be asked to complete the daily survey no 
sooner than 5 minutes and no longer than 30 minutes after a training session in the weight room, 
or on your own. You must take all of these surveys without the influence of teammates or 
coaches. You will be asked to identify yourself via the last 4 digits of your phone number. If the 
surveys are not completed in a timely manner, the researcher may contact you via text message, 
email, or phone call to encourage you to complete the survey on time. In addition, we will also 
be collecting age, height and weekly body weight of the athletes.  
 
The initial survey will ask you to identify yourself using the last four digits of your phone 
number, your age, and allowing researchers to access your run2win app to look at the run 
training that you performed over the course of the summer. The daily survey will ask you to 
identify yourself in the same way, what type of training you just performed, and depending on 
the answer given you will be asked to give a distance traveled during training or the duration of 
your training, you will then be asked to rate the entirety of the training session using an RPE 
scale from 0-10. The weekly survey will be emailed to you on Sunday morning, and will be 
completed by the end of the day as a review of your previous week. This weekly survey will ask 
for your identification the same as the other surveys, and will ask questions specifically about 
your injury or illness symptoms, if you have missed any training, how many days of training you 
missed, and why you missed that training. If you were injured or ill and missed training you will 
be asked to describe the injury/ illness and if you were diagnosed by a medical professional.  
 
Risks/Discomforts: 
There is no anticipated discomfort that will result in the participation of the study. There will be 
no changes to the training plans because of the participation in the survey. 
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Benefits: 
There is no promise that you will receive any benefit from taking part in this study. Athletes may 
gain insight into how their body feels post training.  
Confidentiality: 
Your records will be kept confidential and will not be released without your consent except as 
required by law. If the results of this study are written in a scientific journal or presented at a 
scientific meeting, your name will not be used. Your signed consent form will be stored in a 
cabinet separate from the data. 
 
Voluntary Participation/Withdrawal: 
You may be asked to leave the study for any of the following reasons: 
    1. Failure to follow the Project Director’s instructions; 
    2. A serious adverse reaction which may require evaluation; 
    3. The Project Director thinks it is in the best interest of your health and welfare; or 
    4. The study is terminated. 
 
Questions: 
If you have any questions about the research now or during the study, please contact: Brennan 
Mickelson, 253-686-0881; or Dr. Charles Dumke, 406-243-6176.  If you have any questions 
regarding your rights as a research subject, you may contact the UM Institutional Review Board 
(IRB) at (406) 243-6672. 
 
Statement of Your Consent: 
I have read the above description of this research study. I have been informed of the risks 
and benefits involved, and all my questions have been answered to my satisfaction.  
Furthermore, I have been assured that any future questions I may have will also be 
answered by a member of the research team.  I voluntarily agree to take part in this study.  
I understand I will receive a copy of this consent form. 
 
                                                                           
Printed Name of Subject    
 
                                                                           ________________________                     
Subject's Signature      Date 
 
Statement of Consent to be Photographed [and/or Audiotaped, Videotaped, etc., if applicable]: 
I understand that photographs (audio/video recordings) may be taken during the study.   
I consent to having my photograph taken.  (being audio/video recorded) 
I consent to use of my photograph (audio/video) in presentations related to this study. 
I understand that if photographs (audio/video recordings) are used for presentations of 
any kind, names or other identifying information will not be associated with them. 
I understand that audio recordings will be destroyed following transcription, and that no 
identifying information will be included in the transcription.  
       
 
                                                                           ________________________                     
Subject's Signature      Date 
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Appendix B 
 
https://docs.google.com/forms/d/1o5pKg8qlX8VRi1QOCL3d6fjQC0lTiPKsKz0JLSY5Sqg/edit 
 
1. Find the last four digits of your phone number, is this number correct? 
a. Yes 
b. No 
 
2. How old are you? 
a. ____ 
 
3. Will you allow researchers to use your Run2Win data from the University of Montana’s 
team website? 
a. Yes  
b. No 
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Appendix C 
 
 
https://docs.google.com/forms/d/1TiT0Q2YFtBOOrfrhcUBfI6rrP8tXZ-lxIy47OXjVjSk/edit 
 
1. Find the last four digits of your phone number, is this number correct? 
a. Yes 
b. No 
 
2. Is the number that you selected the last four digits of your number?  
a. Yes 
b. No 
 
3. What kind of training did you perform 
• Weight training 
• Recovery run 
• Track work out 
• Long Distance 
 
4. If this was a recovery run or a run on your own, how many miles did you run? (provide to 
the nearest 0.01 if possible) 
Your Answer: 
 
5. How many minutes (warm up to cool down) did you train for?  
Your answer: 
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Appendix D 
 
https://docs.google.com/forms/d/1bSnlH3gCrcLpZfuvmjiUuUDxLNVe6paG8tUeGASTJb4/edit 
 
1. Find the last four digits of your phone number, is this number correct? 
a. Yes 
b. No 
 
2. Is the number that you selected the last four digits of your number?  
a. Yes 
b. No 
 
3. Over the course of the week have you had any symptoms of an injury or illness? (runny 
nose, minor cough, nagging soft tissue issues, etc.) 
a. Yes 
b. No 
4. If yes, briefly explain your symptoms 
 
5. Over the course of the week did you miss any required training? 
a. Yes 
b. No 
 
If yes, Missed training information 
 
6. How many days of training did you miss? 
7. What was the reason you missed required training? 
a. Injury 
b. Illness 
 
If ill, Illness Information 
 
8. Was your illness diagnosed by a medical professional? 
a. Yes 
b. No 
9. What are the symptoms that you had for your illness (discomfort level, respiratory 
related, etc.)? 
 
If injured, injury Information 
 
10. Was your injury diagnosed by an athletic trainer or medical professional? 
a. Yes 
b. No 
11. What are the symptoms that you had for your injury (location, pain or discomfort levels, 
etc.)? 
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Appendix E 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix F 
 
 
Appendix G 
 
Z Score Classification of Total Miles in Season 
Z Score Classifications 
Total In-season 
Miles 
Very Low < -2.00 126.44 
Low -1.99 to -1.00 127.59 241.41 
Low to moderate -0.99 to 0.00 242.56 356.38 
Moderate to High 0.00 to .99 48.42 470.20 
High 1.00 to 1.99 471.35 585.17 
Very High > 2.00 586.32 
 
 
 
 
 
 
 
 
 
Z Score Classification of Weekly Miles 
Z Score Classifications Weekly Miles 
Very Low < -2.00 8.63 
Low -1.99 to -1.00 8.79 24.11 
Low to moderate -0.99 to 0.00 24.27 39.60 
Moderate to High 0.00 to .99 39.60 54.93 
High 1.00 to 1.99 55.08 70.41 
Very High > 2.00 70.57 
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Appendix H 
 
Z Score Classification of Acute and Chronic Workload Ratio 
Z Score Classifications 
Acute and 
Chronic 
Workload 
Ratio 
Very Low < -2.00 0.22 
Low -1.99 to -1.00 0.23 0.52 
Low to moderate -0.99 to 0.00 0.52 0.82 
Moderate to High 0.00 to .99 0.82 1.12 
High 1.00 to 1.99 1.12 1.42 
Very High > 2.00 1.42 
 
 
Appendix I 
 
Z Score Classification of Chronic Workload 
Z Score Classifications 
Chronic Work 
Load 
Very Low < -2.00 18.75 
Low -1.99 to -1.00 18.89 31.95 
Low to moderate -0.99 to 0.00 32.08 45.15 
Moderate to High 0.00 to .99 48.42 58.21 
High 1.00 to 1.99 58.34 71.41 
Very High > 2.00 71.54 
 
 
Appendix J 
 
 
 
Z Score Classification of Total Summer Miles 
Z Score Classifications Total Sumer Miles 
Very Low < -2.00 109.75 
Low -1.99 to -1.00 111.72 306.94 
Low to moderate -0.99 to 0.00 308.91 504.13 
Moderate to High 0.00 to .99 504.13 699.35 
High 1.00 to 1.99 701.33 896.55 
Very High > 2.00 898.52 
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Appendix K 
 
Appendix L 
 
Appendix M 
 
Predictive value of Variables: College Experience, and z-score grouping 
Predictive value of Variables: College Experience 
Predictive value of Variables: College Experience, and z-score grouping and 
dichotomized high and low chronic workloads 
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Predictive value of Variables: College Experience, z-score grouping, and high 
and low chronic workload. 
Appendix N Correlations of independent and dependent variables with associated p-values 
 
Predictive value of Variables: College Experience, and z-score grouping 
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Appendix O Training Log used during the season. “Tier one” was calculated based on the first boxes of 
exercises. (Reps x Set x Kg lifted during set) 
 
 
